ABSTRACT -Background -There are some studies in the literature about the feeding behavior and masticatory process in patients with feeding disorders; however, it is not very well known if there are alterations in oral-pharyngeal swallowing dynamics in subjects with anorexia nervosa. Objective -To evaluate the oral and pharyngeal bolus transit in patients with anorexia nervosa. Methods -The study was conducted with 8 individuals clinically diagnosed and in treatment for restricting-type anorexia nervosa (seven women and one man), and 14 healthy individuals with no digestive or neurological symptoms (10 women, 4 men). Swallows were evaluated by videofluoroscopy with three swallows of 5 mL liquid bolus and three swallows of 5 mL paste bolus consistency, given in a random sequence. The participants were asked after each swallow about the sensation of the bolus passage.
INTRODUCTION
Anorexia nervosa (AN) is a decline in voluntary food ingestion leading to significant loss of body weight, with consequent high risk of morbidity and mortality (21) . There is a fear of weight gain and obsession with fatness (16) . The disease affects psychosocial functioning and more frequently young women. Depressive factor and low self-esteem are associated with the initiation of the disease (11) . Nutrient deprivation (23, 26) and iron deficiency (6, 20) may affect muscle and nerve function with the possibility to cause dysphagia. Severe AN is associated with dysphagia (12) (13) (14) which could be consequent of psychological factors and/or neuromuscular alterations. Emotional distress may cause dysphagia (1, 3) , with the possibility of alteration of sensitivity and on the control of swallowing (19) . Esophageal motility alterations are described in the disease (2, 25) most of the time misleading the diagnosis; oral-pharyngeal dysphagia was found in 42 (20.4%) out of 206 patients with severe AN (14) , without description of alterations of the oral and pharyngeal transit in the disease.
Our objective in this investigation was to evaluate the oral and pharyngeal phases of swallowing in patients with AN. The hypothesis was that patients with AN had swallowing alterations related to emotional distress or neuromuscular alterations caused by the disease.
METHODS
The study was conducted with eight patients with the diagnosis of restrictive AN. These patients were in treatment in the nutrition and psychiatric divisions of the University Hospital of Ribeirão Preto, seven women and one man, aged 15- Videofluoroscopic evaluation of swallowing was done with the radiologic Arcomax angiograph (Phillips, model BV 300, Veenpluis, The Netherlands). The apparatus recorded 30 frames/ second for posterior analysis. The maximum duration of the tests was 60 seconds. The examination was performed in the lateral position with patients and volunteers seated on a chair.
Three swallows of a 5 mL liquid bolus and three swallows of a 5 mL paste bolus were evaluated in a random sequence. The liquid bolus was liquid barium sulfate (Bariogel ® 100%, Laboratório Cristália, Itapira SP, Brazil), and the paste bolus was prepared with 15 mL of liquid barium and 3 g of the food thickner Nutilis (Support, São Paulo SP, Brazil), both given to the individual by spoon.
The following were timed features: (1) time the complete bolus volume was inside the mouth; (2) onset of propulsive tongue tip movement at the maxillary incisors; (3) passage of the bolus head through the fauces; (4) passage of the bolus tail through the fauces; (5) The qualitative aspects of swallowing were also evaluated, including the presence of post-swallow oral residues, post-swallow pharyngeal residues, multiple swallows, piecemeal swallows, premature spillage into the pharynx, and the frequency of dipper and tipper swallows. Residues were seen when part of the bolus remained inside the mouth and/or the pharynx after the swallow, in the piriform sinuses and/or vallecula; multiple swallows occurred when the individual needed more than one swallow to clear the bolus from mouth and/or pharynx; piecemeal swallows were seen when the individual fractioned the bolus for swallow; premature spillage occurred when part of the bolus enter inside the pharynx, until vallecula or piriform sinuses, before the start of oral transit; tipper and dipper swallows were classified as previously described (7) . The participants were asked after each swallow about the sensation of the bolus passage, with the options of bolus passage without perception of transit or the perception of slow transit, partial blockage or complete blockage.
Statistical analysis was performed by a linear model with mixed effects (random and fixed effects), in which the responses of the same subject are grouped and the assumption of independence between observations within the same group is not appropriate (22) . Considered as fixed effects was bolus consistency (liquid and paste), while subjects (patients and controls) were considered to be random effects. For qualitative analysis, Fisher's exact test was used with SAS (version 9) software. In the tables, the results are shown as mean and 95% Confidence Interval (CI), in milliseconds (ms), and in the figures, the individual results are the mean of the three swallows performed by each patient and control with liquid and paste boluses. The differences were considered significant when P≤0.05.
RESULTS
There was no difference between patients and controls in the frequency of oral and pharyngeal residues, multiple swallows, premature spillage into the pharynx, and the frequency of dipper or tipper swallows (Table 1 , P>0.05). No patient or healthy volunteer had air way aspiration. For liquid bolus, the frequency of piecemeal swallow was similar between patients (12.5%) and controls (7.1%, P=0.99), but with paste bolus, the frequency of piecemeal swallow was higher in patients (62.5%) than in controls (14.3%, P=0.04).
The results of the means and 95% CI of the duration of swallowing events are shown in Table 2 for liquid and  Table 3 for paste. There was no mean differences for OP, OT, PC, UESO, OPT (P>0.05). The pharyngeal transit duration was longer for controls than for patients with AN (liquid: 487 ms controls, 426 ms anorexia; paste: 499 ms controls, 404 ms anorexia), but the results were significant only for paste (P=0.02). The duration of hyoid movement was longer for patients than for controls with the liquid bolus (liquid: 864 ms controls, 1265 ms anorexia, P=0.01; paste: 924 ms controls, 1166 ms anorexia, P=0.09). With liquid bolus, five (62.5%) patients and one (7.1%) control had the sensation of slow transit or partial blockage (p<0.05) and with paste bolus, the sensation was seen in seven (87.5%) patients and nine (64.3%) controls (P>0.05). Figure 1 shows the results for pharyngeal transit duration, Figure 2 for oral-pharyngeal transit duration and Figure 3 for hyoid movement duration. They demonstrated the trend towards shorter transit duration and a longer duration of hyoid movement in patients with anorexia nervosa. 
DISCUSSION
Although significant differences were seen only in a few comparisons, the results suggested that patients with AN have a short duration of pharyngeal bolus transit and a longer hyoid movement during bolus transit. The observed alterations and reduced food intake may be consequent of inhibitory factors as cognitive inhibition related to fear of weight gain, abnormal post-ingestive negative feedback and a possible reduction in orosensory stimulation by food intake (18) . The initiation of the restrictive eating is associated with low self-stem and depression (11) . It is possible that the four patients with dysphagia of this investigation had psycogenic dysphagia, but alteration of swallowing physiology is also a possibility (13, 14) . Bolus aspiration inside the air was not found in any patient and control.
As swallowing evaluation was performed in patients who did not have severe malnutrition and/or iron deficiency anemia, which could justify alterations in pharyngeal physiology, alterations in esophageal contractions and the occurrence of dysphagia (6, 20, 26) , intense swallowing impairment was not expected. However psychologic factors were present, which could alter swallowing function (8, 11, 15, 17) . The sensation of bolus transit during swallowing was more frequent in patients than in controls for liquid bolus which raises the possibility that for them the swallow causes some concern or a different oral, pharyngeal and/or esophageal transit. This perception could justify the dysphagia referred by some patients.
Esophageal manometry performed on severe AN patients has found achalasia, diffuse esophageal spasm, upper esophageal sphincter hypertonicity, non-propulsive repetitive high amplitude contraction, but these results have come from patients with suspected esophageal diseases (25) . In another study, patients with AN were described to have increased lower esophageal sphincter pressure and an increase in contraction amplitude (2) . The esophageal hypercontractility may be consequent of liberation of stress hormone, as corticotrophin releasing hormone (10) , which could contribute to dysphagia referred by the patients. The faster transit found in the pharyngeal phase of swallowing with the paste bolus could be an adaptation to a possible esophageal motility alteration.
Oral-pharyngeal swallowing is a complex function which needs perfect coordination in respiration/deglutition. For a safe swallow, the pharyngeal reconfiguration from respiratory organ to digestive organ should be very precise.
The swallowing has the control of the brain stem, has cortical influence and depends on the sensitivity of mouth, pharynx and esophagus (19) . It is possible that patients with severe AN have decreased oral sensitivity, an imperfect coordination respiration/deglutition, causing air way aspiration (13) , but the decrease in food ingestion probably is a learned behavior (18) . Recent results showed that among patients with severe AN and oral-pharyngeal dysphagia 56% had laryngeal penetration and 16% had aspiration (14) , results not observed in our patients, who were not in a severe phase of the disease.
AN has influence on brain structure, with description of smaller brain volume, decrease in grey matter volume (9) , reduction in hippocampal fimbria, enlargement of the hippocampal fissure, with the possibility that the perceived stress in patients with AN be related with hippocampal volume (4) . These patients have an increase in stress (9) , which can affect brain-gut interaction and the function of the digestive tract (5, 10) . The observed anatomic alterations may have influence in the control of swallowing.
Our study has some limitations. The number of patients with AN included in the study was small, consequent of the number of patients in treatment in the hospital, the refusal to participate by patients who did not want to have their swallows evaluated, and the situation of depression they had at the moment of investigation. The patients were in treatment and were experiencing improvement of disease status compared with the moment of diagnosis and the start of treatment. The patients were not at the same stage of the disease. These are situations that need to be dealt with during an investigation of this disease. However, the possible alterations observed are sufficient evidence to support further investigations. The observed alterations should be a consequence of AN not the cause of eating restriction.
In conclusion, the results suggested that in AN, pharyngeal transit has shorter duration than that seen in healthy volunteers. The differences, shorter pharyngeal transit and longer hyoid movement duration, should be influenced by the psychological features of anorexia nervosa. Further investigation is needed for a complete characterization of swallowing in these patients.
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